Abstract
Introduction

21
In the reproduction of coastal decapod cephalopods such as loliginid 22 squids and cuttlefish, the basic consequence of events during the copulation is as 23 follows: a male provides a female with its spermatophore using the hectocotylus, 24 which is a specialised arm for holding the spermatophore ( 
31
In loliginid squids, spermatangia may be deposited at two positions by alternative seminal receptacle in the buccal membrane (Hanlon and Messenger 1996) . When 36 the male copulates in a head-to-head position, a spermatangium is deposited on 37 the buccal membrane near the seminal receptacle, as in cuttlefish. Many squids,
38
including the loliginids, have seminal receptacles on the buccal membrane (e.g.
39
Todarodes pacificus and T. sagittatus) (Ikeda et al. 1993 ; Nigmatullin et al. 2002) .
40
Spermatozoa from a spermatangium deposited on the buccal membrane are 41 transferred to the female's seminal receptacle and then stored until spawning. 
48
Two possible methods of sperm transfer exist in decapod cephalopods.
49
One is that sperm released from the spermatangia can swim in seawater and reach 50 the seminal receptacle. The tip of the spermatangium has an opening duct, and 51 sperm are released into seawater from the opening duct in L. pealei (Drew 1919 ) 52 and T. pacificus (Takahama et al. 1991 
112
In I. paradoxus, a male darts toward a female, grasps the female, and attaches his were not found, we judged that the male had failed to pass the female the 166 spermatangia and the trial data were not used. We also recorded the elapsed time between the end of copulation and the beginning of buccal mass elongation, and 168 whether the spermatangia picking was successful. Moreover, the duration of 2 h, respectively, after copulation (Fig. 1) . We defined fixing conditions (1) and
192
(2) as "Soon after copulation" and "Picking", respectively; (3), (4) and (5) were was sufficient to assess whether females attempted to pick up the spermatangia.
197
Each male was used repeatedly in two or three trials.
198
The seminal receptacles of all 34 fixed samples (and 4 stomach samples 199 from Exp. 1) were embedded in paraffin wax and serial sections were cut at 8 µm.
200
All sections were stained with haematoxylin and eosin by standard methods, and (Fig. 2b) . Females 233 frequently failed to pick up spermatangia and the spermatangium removal 234 probability was about 50% (Table 2 ). This probability did not differ significantly 235 between virgin and copulated females (Fisher's exact test: n = 46, p = 0.79; Table   236 2) or between copulated females in Seasons 1 and 2 (Fisher's exact test: n = 35, p 237 = 0.82; Table 2 ). Although 21 females stopped elongating their buccal mass within 238 10 min, the duration of the elongation differed among females, and some females 239 elongated their buccal mass for around 30 min (Fig. 3) . Females stopped elongating the buccal mass even if spermatangia remained on the body and vice 241 versa.
242
After females picked up a spermatangium with their buccal mass, they 243 showed two patterns of behaviour. One was spermatangium-blowing behaviour.
244
Three virgin and two copulated females picked up the spermatangium from their 245 body, then retracted their buccal mass, and blew it away by jetting water using 246 their funnel (Fig. 4 and supplementary material video N2) . The other was and male paternity also increases with time (Sakaluk and Eggert 1996) . Female 306 crickets remove the spermatophore soon after copulating with unpreferred males.
307
When the females copulate with preferred males, however, they do not remove the Table 3 Presence of sperm in the seminal receptacle Sperm in the seminal receptacle "Soon after copulation" indicates a female preserved soon after copulation. "Picking" and "No Picking" females were preserved at 10 min after copulation. Fisher's exact test: between Picking and No
